Rapid and reliable laboratory diagnosis of persons suspected of Middle East respiratory syndrome coronavirus (MERS-CoV) infection is important for timely implementation of infection control practices and disease management. In addition, monitoring molecular changes in the virus can help elucidate chains of transmission and identify mutations that might influence virus transmission efficiency. This was illustrated by a recent laboratory investigation we conducted on an imported MERS-CoV case in Greece. Two oropharyngeal swab specimens were collected on the 1 st and 2 nd day of patient hospitalization and tested using two real-time RT-PCR (rRT-PCR) assays targeting the UpE and Orf-1a regions of the MERS-CoV genome and RT-PCR and partial sequencing of RNA-dependent RNA polymerase and nucleocapsid genes. Serum specimens were also collected and serological test were performed. Results from the first swab sample were inconclusive while the second swab was strongly positive for MERS-CoV RNA by rRT-PCR and confirmed positive by RT-PCR and partial gene sequencing. Positive serologic test results further confirmed MERSCoV infection. Full-length nucleocapsid and spike gene coding sequences were later obtained from the positive swab sample. Phylogenetic analysis revealed that the virus was closely related to recent human-derived MERS-CoV strains obtained in Jeddah and Makkah, Saudi Arabia, in April 2014 and dromedary camels in Saudi Arabia and Qatar. These findings were consistent with the patient's history. We also identified a unique amino acid substitution in the spike receptor binding domain that may have implications for receptor binding efficiency. Our initial inconclusive rRT-PCR results highlight the importance of collecting multiple specimens from suspect MERS-CoV cases and particularly specimens from the lower respiratory tract.
Introduction
Since its discovery in Saudi Arabia in 2012, the Middle East respiratory syndrome coronavirus (MERSCoV) has been implicated in 1042 laboratory confirmed cases of human infection, including 419 deaths. Among these cases, 14 were reported by European countries, including 8 imported cases and 3 local person-to-person transmissions [1] .
The MERS-CoV genome is comprised of at least 10 putative open reading frames, including 2 that encode the spike (S) and nucleocapsid (N) proteins [2] . The S and N protein genes have been used for coronavirus genotyping and phylogenetic analyses which have aided our understanding of the virus's temporal and geographic origins and evolution [3] . The S protein is involved in virus receptor binding and is known to be the main antigenic component to which significant neutralizing antibody responses are induced [4] . The N protein is a highly immunogenic phosphoprotein implicated in viral genome replication and modulation of cell signaling pathways [5] .
The present study focused on the laboratory investigation of an imported MERS-CoV case in Greece and its phylogenetic comparison with other recently circulating strains.
Materials and Methods
A 69-year-old Greek national presented to a tertiary care hospital in Athens on 17 April 2014 with prolonged fever, diarrhea and pneumonia (onset of symptoms on 8 April). He had arrived a few hours earlier from Jeddah, Saudi Arabia, where he resides permanently [6] . Because of high suspicion of MERS-CoV infection, two oropharyngeal swab specimens were collected on 17 April (specimen A) and 18 April (specimen B) for laboratory investigation. The purpose of the urgent clinical care testing needed was explained to the patient and written consent was obtained for potential publication.
For molecular detection of MERS-CoV RNA, two real-time RT-PCR (rRT-PCR) assays targeting regions upstream of envelope gene (UpE) and the open reading frame (ORF) 1a were used [7] . Partial sequencing of the RNA-dependent RNA polymerase (RdRp) and N genes and BLAST analysis of the amplicon sequences was also performed as previously described [7] . A serum sample collected from the patient after six days of hospitalization was available for serological testing using the Anti-MERS Coronavirus Indirect Immunofluoresence kit (Euroimmun, Lubeck, Germany).
In addition to partial sequencing, full length ORFs of the S (4042 nt) and N (1242 nt) protein genes were obtained by the Centers for Disease Control and Prevention (CDC), Atlanta, GA, using Sanger sequencing methods and deposited into the GenBank database under accession numbers KJ782550 and KJ782549, respectively. Sequences were confirmed independently by two separate CDC laboratories.
Results
The UpE and ORF-1a rRT-PCR results for specimen A were equivocal [PCR threshold cycle (Ct) value 38.8] and negative, respectively, and the specimen was determined to be inconclusive for MERS-CoV RNA detection. In contrast, specimen B was found to be positive by both UpE and ORF-1a assays with Ct values 30.2 and 32.5, respectively. The presence of MERS-CoV RNA was also confirmed on specimen B by RT-PCR and partial sequencing of the RdRp and N genes. Serology identified specific anti-MER-CoV IgM (titer 1/100) and IgG (titer 1/320) antibodies in the patient's serum sample.
Discussion
The present study describes the laboratory investigation of an imported MERS-CoV case in Greece. Discrepancy of the rRT-PCR results between specimens A and B may be due to different sampling techniques, although detection attributable to increasing viral load with infection progression cannot be ruled out for specimen B. Collection of additional specimens, particularly from the lower respiratory tract and at different time points over the disease course is highly recommended when there is strong clinical and epidemiological suspicion of MERS-CoV infection and initial results from upper respiratory tract specimens are negative or inconclusive. Drosten et al. pointed out that up to 10 6 copies/mL of MERS-CoV RNA were present in lower respiratory tract specimens, whereas only small amounts of viral RNAs could be detected in upper respiratory tract specimens [8] .
According to World Health Organization recommendations, partial sequencing of the RdRp and N genes is an acceptable alternative for confirmation of MERS-CoV infection [7] . Although RT-PCR and partial gene sequencing methods are more time consuming, we found this approach to be very helpful in resolving our discrepant RT-PCR results.
Detection of MERS-CoV-specific antibodies in the patient's serum was consistent with recent MERS-CoV infection. Ideally, however, for serological confirmation of acute MERS-CoV infection, a second serum specimen taken two weeks or more after onset of illness should also be tested.
Our findings revealed a genomic subpopulation in the swab sample that possessed a unique amino acid substitution in S protein receptor-binding domain (RBD) as compared with other published human and camel sequences. The above substitution was confirmed independently by two separate CDC laboratories, ruling out the possibility of its introduction during the RT-PCR. The R511P substitution is located within a region (residues 484 to 567) of the MERS-CoV RBD that directly interacts with the dipeptidyl peptidase4 (DPP4) receptor on the host cell surface for viral attachment [9] [10] [11] [12] . Recent mutagenesis studies indicated that alterations of key residues within that region, i.e., the D510A and the E513A, have been shown to significantly reduce both binding and viral entry efficiency [9, 13] . The same studies indicated that the R511A substitution had little to no effect to the binding affinities of the RBD for DPP4. Further studies are needed to clarify whether the substitution of arginine to proline in the same position (R511P) identified in the present study had any functional implication.
Phylogenetic analysis revealed that the Greek strain was most closely related to Jeddah and Makkah strains circulating during the recent burst of MERS-CoV activity in the Arabian Peninsula [14] . This was consistent with the assumption that the patient might have acquired the infection in the community or, alternatively, in a nosocomial-environment, as he had visited a local hospital in Jeddah repeatedly since the beginning of April 2014. Moreover, the clustering Virological Analysis of a MERS-CoV Case of the Greek S and N ORFs with sequences from some dromedary camels was in accordance with recent findings, confirming the similarity between human and camel MERS-CoV sequences identified in the same geographical areas [15, 16] .
The ongoing outbreak of MERS-CoV suggests that the risk of importation of the virus in countries is expected to continue, although the number of incident cases has been steadily declining [1] . In that respect, fast and reliable laboratory confirmation is crucial for timely implementation of infection control measures to prevent secondary person to person transmission.
